Many theoretical accounts predict that as people age, they rely increasingly on affect. At least one account (Dynamic Integration Theory) makes the additional prediction that an accompanying effect of aging is a narrowing of affective space. These predictions were tested in the context of the relatively automatic low-level cognitive process of lexical access (auditory word recognition). Experiment 1 used emotion words and Experiment 2 used nonemotion words. Both experiments provided support for both predictions. Compared to younger adults (ns ϭ 36 and 56), older adults (ns ϭ 36 and 54) showed larger but less complex effects of dimensions of affective connotation. In addition, older adults with more cognitive resources showed a data pattern like that of younger adults, while those with fewer resources did not. Affective effects emerge even in nonaffective contexts. The tight link between affect and cognition is discussed.
There is overwhelming evidence of age-related declines in many cognitive processes (e.g., Mahmood, Adamo, Briceno, & Moffat, 2009; Radvansky, Zacks, & Hasher, 2005; Salthouse, 2004b) , and much work attempts to relate these declines to changes in the capacity or function of specific brain regions (e.g., BlanchardFields, 2010; Cabeza, 2002; Reuter-Lorenz & Cappell, 2008; Stern, Zarahn, Hilton, Flynn, DeLaPaz, & Rakitin, 2003) . There are equally well-documented age-related advances in areas relating to affective 1 competence, complex problem-solving involving affect, and emotion regulation (e.g., Blanchard-Fields, 2007 Labouvie-Vief, 2003; Mather & Carstensen, 2005) . Peters, Hess, Västfjäll, and Auman (2007) argue that an enhanced role of affect in cognitive processing among the elderly makes sense because it is a more implicit form of information that can be processed more automatically.
This hypothesized increased reliance on affect, coupled with data and theory suggesting that older adults are driven more by socio-emotional goals than by informational goals (e.g., Carstensen, Isaacowitz, & Charles, 1999; Mather & Carstensen, 2005; Labouvie-Vief, 2003 , provides an explanation for positivity effects in older adults. Although positivity effects are not always found (Murphy & Isaacowitz, 2008) , they manifest themselves as increased attention to (and memory for) positive information. They are due at least in part to an emphasizing of positive information by older adults (Charles, Mather, & Carstensen, 2003; Mather & Carstenson, 2003) ; there may also be a de-emphasizing of negative information (e.g., Labouvie-Vief & Medler, 2002; Mather & Johnson, 2000; Mather & Knight, 2005) .
Many models of cognitive-affective aging can predict positivity effects, including two whose predictions will be examined in the current study: Socioemotional Selectivity Theory (SST; e.g., Carstensen et al., 1999; Mikels, Larkin, Reuter-Lorenz, & Carstensen, 2005) and Dynamic Integration Theory (DIT; Labouvie-Vief 2003 Labouvie-Vief, Grühn, & Mouras, 2009) .
In SST age-related changes in affective processing reflect an upward shift in the priority of socio-emotional goals, which is related to a compressed time horizon as end-of-life issues become more salient. A claim found in recent extensions of SST (though not central to the original model) is that positivity effects are the result of controlled processes, and available cognitive resources are drawn upon to increase such positivity effects. According to Knight, Seymour, Gaunt, Baker, Nesmith, and Mather (2007) , "Although older adults may have fewer cognitive resources overall, we predict that the resources they do have will be allocated in a goal-consistent manner that enables successful emotion regulation and the maintenance of positive emotional experience. Consequently, successful emotion regulation should be a function not only of age, but also of overall cognitive resources. Those older adults whose cogni-tive control abilities are least compromised by age should show the largest positivity effects. Those older adults whose cognitive control resources are most compromised should have the greatest difficulty carrying out emotional goals and so should show the smallest positivity effects" (p. 706). Mather and Knight (2005) found that older adults do indeed recruit cognitive resources to accomplish socio-emotional goals, and note further that "The idea that older adults' positivity effects in memory are the result of cognitive control processes may seem counterintuitive. After all, many studies have shown that older adults are worse than younger adults at tasks requiring cognitive control. Nevertheless, even if their strategic processing is less effective, older adults may be more successful in regulating emotion if they devote a larger proportion of their resources to such goals" (p. 555).
DIT is an integrative model of emotional development designed to explain the pattern of both gains and losses in cognitiveaffective functioning across the lifespan. DIT takes a long view of life histories, interpretations of life events, outlooks about the future, concepts of the self, and so on, and bears primarily on overarching constructs such as attachment style and psychological adjustment. According to DIT, positivity effects are related to affect optimizing, which is an automatic process associated with declining cognitive resources in aging (e.g., Labouvie-Vief, 2003) . Positivity effects thus result from automatic rather than controlled processes.
DIT also posits that older adults exhibit a narrowing of affective space as a result of cognitive decline. Narrowing refers to a reduction of the dimensionality of complex situations, meaning that some aspects of an object, event, or situation are considered at any one time but other aspects are not. Judging becomes less cognitively taxing because the representational space is collapsed (cf. Paulhus & Lim, 1994) . According to DIT, older people in general are less able to maintain complex representations because of a lowered availability of the cognitive resources such representations require. Those older adults with a greater availability of cognitive resources use them to maintain complex affective representations more like those of younger adults (i.e., to counter the trend toward narrowed representations). Keil and Freund (2009) found what might be such a narrowing of affective space in a study in which participants rated the valence and arousal of stimuli. Younger adults' ratings showed a curvilinear relationship between valence and arousal. Very high-arousal stimuli were rated as either quite pleasant or quite unpleasant, while low-arousal stimuli tended to be intermediate on valence. The relationship for older adults was more linear and unidimensional. Valence ratings decreased as arousal ratings increased, and this correlation between valence and arousal became stronger with age.
In contrast, recent research from SST-associated investigators does not show such a narrowing of affective space. In one study in which participants had to think about anticipated endings (e.g., visiting a meaningful spot for the last time), older adults' experience of the mixed complex emotion of poignancy did not differ from that of younger adults (Ersner-Hershfield, Mikels, Sullivan, & Carstensen, 2008) . In another study, Charles (2005) had older and younger participants view film clips depicting injustice, and then rate their feelings on five negative emotions: anger, contempt, disgust, fear, and sadness. Younger adults reported stronger feelings of disgust, compared to the other emotions. Older adults, on the other hand, reported similarly high feelings for anger, disgust, and contempt. Charles interpreted this to mean that the older adults' emotional responses were more heterogeneous than the younger adults' responses. In the present context such findings predict that older adults should show as much affective complexity than younger adults, or perhaps even more.
Affect and Language Processing
The role of affect in language processing has received little attention, which is surprising because language shapes perception and provides the context for emotion and affect (Barrett, Lindquist, & Gendron, 2007) . The few studies to use words as stimuli do not even agree about basic phenomena such as whether one observes a positivity effect (e.g., Grühn, Smith, & Baltes, 2005; Kensinger, 2008) . In addition, nearly all of this work has focused on the processing of longer sentences or texts presented visually (e.g., Isaacowitz, Löckenhoff, Lane, Wright, Sechrest, Reidel, & Costa, 2007; Stine-Morrow, Miller, & Hertzog, 2006; Titone, Koh, Kjelgaard, Bruce, Speer, & Wingfield, 2006 ). An apparent exception to this is a study by Knight, Maines, and Robinson (2002) , in which the authors included a homophone spelling task and an auditory verbal memory task as two of their measures. However, theirs was a study of mood congruence effects in memory rather than a study of language processing, and the participants were mood-induced.
The role of affect in spoken language processing by older adults thus remains largely unknown. This relative neglect matters because speech remains the primary means by which people interact and exchange information. This is especially true of older people, who are less likely than younger people to use technologies such as the internet and text-messaging.
In this study, I will explore the roles of age and affect in a low-level cognitive process called lexical access. Lexical access occurs when a visual pattern or sound wave makes contact with the mental representation of a word in a person's mind, a process that takes place several times per second during reading or listening. Although there are well-documented declines in some functions related to spoken language comprehension, such as processing speed, fluid intelligence, and memory (e.g., Craik & Salthouse, 2000; Salthouse, 1993 Salthouse, , 1996 Salthouse, , 2004a Wingfield, Tun, & McCoy, 2005; Zacks, Hasher, & Li, 2000) , older adults maintain very good performance in this area of daily living (Wingfield & StineMorrow, 2000) .
At first glance, a relatively automatic process like lexical access might seem to be a poor choice for investigating the role of available cognitive resources; however, this method offers several advantages in studying affective processes in aging. First, it allows for differentiation between competing explanations of age-related differences in affective processing, because some models rule out such effects in automatic processes. Second, it is important to begin to study this completely unexplored territory because of the centrality of spoken language in interpersonal relationships. Third, as will be seen in the next paragraphs, we have repeatedly found effects of affective variables in lexical access for younger people, and learning about age differences in these effects can help refine theoretical models.
Colleagues and I have explored the role of affective dimensions in lexical access for college-age participants in several studies. Participants rate stimuli on one or more affective dimensions. A separate group of participants then hears these words and performs some task that taps into lexical processing, such as lexical decision (deciding as quickly as possible whether something is a real word) or naming (repeating what is heard). We find that the reaction times (RTs) of the second group are related to the ratings made by the first group (see below).
Some of the affective dimensions we have studied are evaluation, potency, and activity (Osgood, 1969; Osgood & Suci, 1955) . Evaluation is a good versus bad dimension, activity is a dimension that carries connotations ranging from slow to fast, and potency is a dimension ranging from weak to strong. Evaluation is generally used interchangeably with valence.
2 Some example stimuli from Wurm et al. (2004b) illustrate what the other two dimensions mean in the context of word connotations: rabbit receives high participant ratings on activity but low ratings on potency, while the reverse is true for tree; fire is high on both dimensions and egg is low on both dimensions.
Participants can easily provide their judgment of any word's connotation on these dimensions by using a number line (e.g., Vakoch & Wurm, 1997; Wurm, Vakoch, & Seaman, 2004b) . There is no a priori reason to suspect that lexical access would be influenced by affective variables such as these, but it is (Vakoch & Wurm, 1997; Wurm & Vakoch, 1996; Wurm et al., 2004b ; see also Wurm, 2007; Wurm & Seaman, 2008; Wurm & Vakoch, 2000; Wurm, Vakoch, Seaman, & Buchanan, 2004c; Wurm, Whitman, Seaman, Hill, & Ulstad, 2007) . For example, faster lexical decision times have been found for words high on evaluation (i.e., positive rather than negative words; e.g., Wurm & Vakoch, 1996; Wurm et al., 2004b ). Both of these last studies also found a significant interaction between evaluation, potency, and activity.
Such effects can be understood in terms of a two-pass model of meaning extraction. The first pass is very fast but relatively crude, and operates in terms of a small number of behaviorally relevant dimensions of affective connotation (such as evaluation, potency, and activity). The effects suggest a strong connection between perception, affect, and action. Even during the process of recognizing a word, the listener's perceptual system is engaged in preparing real-world behavioral responses that might be appropriate (e.g., Wurm, 2007; Wurm & Seaman, 2008) .
No similar published work exists for older adults. It is therefore unknown whether lexical access in older adults is affected by the same kinds of variables, and in the same ways, as lexical access in younger adults. Answering this question will have theoretical implications for models of cognitive aging and models of affective processing across the lifespan.
Both experiments of the current study address the same two major questions. The first is whether older people show larger effects of affective variables in lexical decision, compared to younger people. Any theoretical account in which older people place increased reliance on affect would predict this, but it has never been tested.
The second major question has to do with DIT's prediction of narrowed affective space in older adults. As an example of what this means in the context of the mental representations of words, thorn and tarantula were given similar low ratings on evaluation by the participants in Wurm et al. (2004b) (both Ms ϭ 1.8 on the 8-point evaluation scale) but they were given fairly different ratings on activity (M ϭ 2.1 for thorn and 5.3 for tarantula). Incorporating both pieces of information results in a more complex representation; thorn is low on evaluation and on activity, and tarantula is low on evaluation but relatively high on activity. A narrower way to organize this information in affective space is to simply classify both items as low on evaluation and to make no use of their activity difference (or, to classify each item according to its activity, but to make no use of their evaluation ratings).
It should be noted that neither DIT nor SST makes direct predictions about affective processing at the level of lexical access. Nevertheless, a number of experiments involving low-level cognitive processing have garnered support for each theory (e.g., Jain & Labouvie-Vief, 2010; Knight et al., 2007; Mather & Knight, 2006; Wurm, Labouvie-Vief, Aycock, Rebucal, & Koch, 2004a) so it is worthwhile to examine some predictions derived from each one. Experiments 1 and 2 will test the following hypotheses.
Hypotheses
1. Older adults should show larger effects of affective variables than younger adults. The affective variables included in Experiment 1 are evaluation, potency, and activity, defined above. Any model in which older people rely more heavily on affect or emotion than younger people makes this prediction.
2. Older adults should show narrowed affective space (i.e., less complex effects of affective variables) compared to younger adults. DIT predicts this but SST does not.
In Experiment 1, I will test these hypotheses with emotion words (defined below). Experiment 2 builds on Experiment 1 by using nonemotion words and investigating the cognitive resource question more directly.
Experiment 1: Emotion Words
In Experiment 1, I examined the auditory processing of pure emotion words, which Clore, Ortony, and Foss (1987; defined as emotion words that are relatively free of cognitive and behavioral connotations. The RT data came from Experiment 1 of Wurm et al. (2004a) , a project driven by different theoretical questions. With the exception of age group, the independent variables analyzed here were not examined in the 2004 study.
Method

Participants.
Participants were 36 younger and 36 older native speakers of English. All reported normal hearing. Older adults (29 women and 7 men) ranged in age from 52 to 92 years (M ϭ 74, SD ϭ 10.1), and were recruited from Senior Centers in the Detroit area. They received no monetary compensation for their participation. As in Wurm et al. (2004a, Footnote 1) , I excluded data from the two older participants who were younger than 59, as they might not be representative of older participants. Younger adults (29 women and 7 men) ranged in age from 18 to 28 years (M ϭ 22, SD ϭ 3.2) and were recruited from the subject pool in the Department of Psychology at Wayne State University. They received extra credit in a psychology course for their participation. Participants were asked to indicate the highest level of education attained on a 7-point ordinal scale. Nearly every younger adult indicated "some college work completed," which was the median older response.
Materials. Twelve critical words, and their values on evaluation, activity, and potency, were taken from Morgan and Heise (1988) . An additional 36 items were chosen from the same source. Twelve were retained as filler items, and the remaining 24 were changed into legal pronounceable pseudowords (see Appendix A).
Stimuli were recorded at the end of the carrier phrase "When that happened I felt ________" and saved as individual .wav files. Wurm et al. (2004a) provide additional details.
Procedure. Participants participated at a time of their own choosing. Older adults participated between 9:30 a.m. and 2:30 p.m., with the majority between 11:30 a.m. and 1:30 p.m. Younger adults participated between 9:30 a.m. and 4:00 p.m. Participants were tested one at a time in a sound-shielded chamber or quiet room. Digitized speech files were played over headphones at a comfortable listening level chosen by each participant. Participants were directed to make a speeded lexical decision about the item in sentence-final position by pressing one button for words and another for pseudowords. RTs were measured from the acoustic onset of each stimulus. Before the main experiment, participants heard a practice list of similar composition. The practice list contained 12 stimuli that were not used in the main experiment.
Analytic strategy. I analyzed the log RTs with a multilevel linear mixed-effects analysis of covariance, with participant as random effect (e.g., Baayen, 2004; Pinheiro & Bates, 2000) . This is a variant of the repeated-measures regression analysis outlined by Lorch and Myers (1990) , suitable for research in which there are multiple observations per participant.
3
In addition to age group, evaluation, potency, and activity, I included uniqueness point (UP) location in milliseconds and word frequency (Baayen, Piepenbrock, & Gullikers, 1995) in the statistical models (both log transformed because of skewed distributions). The UP (Marslen-Wilson, 1987 ) is the point in the acoustic signal at which a word diverges from all other words in the language and represents the earliest moment at which a person could initiate a positive lexical decision. These variables are included primarily for variance reduction, because they generally have significant effects in lexical processing studies. They also help to eliminate alternative explanations of the data (e.g., if UP location and evaluation were correlated, then any apparent evaluation effect might actually be caused by UP location if the latter had not been controlled for).
Main effects were entered in one step, followed by two-way interactions, three-way interactions, and the four-way interaction. At each step entry of effects was simultaneous. Significance levels were evaluated at the step at which an effect was entered.
I assessed the interactions between age group and each dimension (i.e., age ϫ evaluation; age ϫ potency; age ϫ activity). Significant interactions in which the older adults' effects are larger are taken as evidence in support of the hypothesis of increased reliance on affect (Hypothesis 1).
Based on previous research (Wurm & Vakoch, 1996; Wurm et al., 2004b) I expected that RTs for younger adults would depend on the three-way interaction between evaluation, potency, and activity. That is, the effect of evaluation on younger adults' RTs should be conditional on potency and activity. This would be evidence of complex underlying lexical representations, because the combination of all three dimension weights co-determines lexical access times. The narrowed affective space hypothesis predicts a four-way interaction: The three-way interaction between evaluation, potency, and activity should depend further on age. It should be significantly weaker for older adults, because of their less complex (i.e., narrower) representations (Hypothesis 2).
Results and Discussion
Data from three older and two younger participants were excluded because of error rates Ͼ.25. To improve normality, 2 impossibly fast RTs and 14 RTs slower than 2,500 ms past stimulus offset were excluded from analysis (totaling 1.9% of the data; the same cut-off was used for both older and younger adults).
As noted above, all participants reported normal hearing. Nevertheless, poorer accuracies for older adults might indicate hearing loss, and hearing loss could interact with variables of interest (e.g., Wingfield et al., 2005) . Fortunately, mean accuracies were very high and similar (M ϭ 96.5 and 96.8% for older and younger participants, respectively; t(63) ϭ Ϫ0.27, p ϭ .7901). The results of the analysis are shown in Table 1 .
Main effects. The effects of word frequency and potency were marginally significant, and there was no effect of activity. There were significant effects of UP location (later UPs predicted slower RTs), age (older participants were 13% slower), and evaluation (higher evaluation predicted faster RTs). Each of these significant effects was in the direction expected based on previous lexical processing research (UP location: Baayen, Wurm, & Aycock, 2007; Wurm, 1997; evaluation: Vakoch & Wurm, 1997; Wurm et al., 2004b; age: Wurm et al., 2004a) .
The evaluation effect can be considered a positivity effect, in that words with more positive connotations had faster RTs (see Footnote 2). Older participants were substantially slower than younger participants. As noted above, older adults' accuracy was every bit as good as that of younger adults, so the age difference was restricted to RTs.
Two-way interactions.
The two-way interactions between affective dimensions are of limited importance given the hypotheses of the current study, and none was significant. The theoretically important interactions involve age group. Age interacted significantly with two of the affective dimensions: evaluation and activity. These interactions are plotted in Figure 1 , which shows the predictions of the statistical model with all variables set at their means except those involved in the interaction. In both cases the effect was significantly larger for the older participants, supporting the prediction of increased reliance on affect for older adults (Hypothesis 1). Inspection of the left-hand panel in Figure 1 shows that the age difference was largest for words lower on evaluation (i.e., the more negative words).
Planned comparisons performed separately by age group revealed that for younger participants there was only an effect of evaluation (B ϭ Ϫ0.02, SE B ϭ 0.01, p ϭ .0004). Neither activity nor potency had significant effects (both ps Ͼ .13). In contrast, all three affective dimensions had significant main effects for the older participants (B ϭ Ϫ0.07, SE B ϭ 0.01, p Ͻ .0001; B ϭ Ϫ0.07, SE B ϭ 0.03, p ϭ .0401; and B ϭ 0.02, SE B ϭ 0.01, p ϭ .0387 for evaluation, activity, and potency, respectively). These findings are consistent with any theoretical account positing that older adults place increased reliance on affect, including both DIT and SST.
Three-way interactions. The interaction between evaluation, potency, and activity was significant, as predicted based on previous research (Wurm & Vakoch, 1996; Wurm et al., 2004a ). It will be described in the next section. No other three-way interaction was significant.
Four-way interaction.
The four-way interaction between evaluation, potency, and activity, and age was significant. I probed the interaction by assessing the three-way interaction between evaluation, potency, and activity separately by age group. It was significant for younger participants (B ϭ Ϫ1.41, SE B ϭ 0.40, p ϭ .0005) but not for older participants (B ϭ Ϫ0.20, SE B ϭ 0.49, p ϭ .6771). This supports DITs prediction of narrowed affective space for older adults. Figure 2 shows the evaluation ϫ potency ϫ activity interaction for younger adults. "High" and "Low" refer to values 1 SD above and below the mean, respectively. Words were not separated into categories on any dimension in the current study. Dichotomizing is merely a convenient way to show the nature of the slope differences. The dimension weights shown in Appendix A were used as continuous regressors in the analyses, and thus error bars or confidence intervals on such figures would be meaningless. As the figure shows, when potency and activity matched, there was a facilitative effect of evaluation (i.e., words with "good" connotations had faster RTs). When potency and activity mismatched, there was either no effect of evaluation, or higher evaluation was associated with slower RTs.
The observation that this interaction was significant only for younger adults is crucial. For them, lexical access time for any given word depended on the combination of that word's values on all three affective variables. The lexical representations for younger adults must be structured in a way that allows for the effect of one affective variable (e.g., evaluation) to be conditioned upon the other two (i.e., potency and activity). Older adults' lexical representations are evidently not structured in this complex way. Thus, both older and younger adults showed an effect of evaluation, but for older adults it was just that (a simple effect of evaluation) while for younger adults, the effect of evaluation depended on both potency and activity. The four-way interaction thus provides support for DITs prediction of narrowed affective space for older adults.
Experiment 2: Nonemotion Words
In Experiment 2 I used nonemotion words, which I defined as words with no connection to any discrete emotional state. It is important to assess the hypotheses of the current study with nonemotion words because nearly all studies on affective processing in aging have used stimuli chosen explicitly to be extreme on some affective dimension(s), providing what might be a limited view of the link between affect and routine cognition. In younger adults, affective variables (such as evaluation, potency, and activity) affect word recognition performance even for nonemotion words, and even in tasks like lexical decision that have nothing to do with affect (e.g., Wurm, 2007) . This suggests that the affect/ cognition link might be tighter than generally assumed (Duncan & Barrett, 2007; Izard, 2007) .
In Experiment 2, I also switched from Osgood's affective dimensions to valence and arousal. This change was made for pragmatic reasons relating to the availability of ratings and also to allow more direct contact with theoretical models (most are built around valence and arousal; few use Osgood's dimensions). The change of dimensions does not seem crucial because as will be seen, the results of the two experiments were consistent. Based on previous research I predicted larger positivity effects for stimuli low on arousal, for both age groups (Bradley & Lang, 1999b; Kensinger, 2008; Purkis, Lipp, Edwards, & Barnes, 2009; see below) . A key theoretical question for the current study will be the relative sizes of these valence ϫ arousal interactions.
Another purpose of Experiment 2 was to examine the role played by the availability of cognitive resources. As a measure of the available cognitive resources, I used Mather and Knight's (2005) cognitive control construct, which is each participant's average age-group-specific z-score across three tasks tapping into different aspects of cognitive processing (see Method for more detail).
As seen above, recent elaborations of SST predict that people with higher availability of cognitive resources should show larger positivity effects. In contrast, in DIT, available cognitive resources are used to maintain complex affective representations more like those of younger adults (i.e., to counter the trend toward narrowed representations). DITs general prediction then is that older adults with a higher availability of cognitive resources should show performance more similar to younger adults. DIT thus predicts that older adults with fewer cognitive resources should show larger positivity effects, in direct contrast to the prediction of the modified SST. This is because according to DIT, positivity effects are related to affect optimizing, as discussed above.
There is a separate reason to expect a smaller effect of arousal for older adults with greater cognitive resources. DIT posits that older adults find high physiological arousal unpleasant and costly (see also Keil & Freund, 2009; Kiecolt-Glaser, McGuire, Robles, & Glaser, 2002) , and that they seek to minimize its effects if they are able. According to DIT, older adults with more resources are better able to do this, and thus should show smaller arousal effects.
In contrast, SST has little to say about arousal. Mather and Knight (2005) concluded that arousal did not affect their observed age ϫ valence interactions, and that people of all ages showed similar arousal effects in memory. This view predicts only that any observed arousal effects will not differ by age.
Hypotheses
1. Older adults should show larger effects of affective variables (valence and arousal in Experiment 2) than younger adults. DIT predicts further that the larger main effects of valence and arousal will be especially prominent for older adults with lower availability of cognitive resources. For va- Figure 2 . Log RT as a function of potency, activity, and evaluation, for the younger participants. None of these variables was dichotomized for the analysis. This interaction was not significant for the older participants. Evaluation, potency, and activity ratings were taken from Morgan and Heise (1988) .
lence, recent extensions of SST predict the opposite: Higher cognitive control scores should be associated with a larger positivity effect (the original model does not make a prediction either way here). For arousal, SST predicts only that any observed effect will not be related to age.
2. Older adults should show narrowed affective space compared to younger adults. DIT predicts further that the narrowing should also be especially prominent for older adults with lower cognitive control scores. That is, these older adults should have smaller interactions than younger adults. In contrast, older adults with higher cognitive control scores should not show narrowed affective space compared to younger adults.
Method
Participants.
Participants were 54 older and 56 gendermatched younger adults. All were native speakers of English and all reported normal hearing. Older adults ranged in age from 60 to 92 (M ϭ 71, SD ϭ 8.0), and were recruited through a newsletter distributed in the Tri-County Metropolitan Detroit area. All were community-dwelling and received monetary compensation for their participation. Younger adults ranged in age from 18 to 46 (M ϭ 22, SD ϭ 5.9) and were recruited from the subject pool in the Department of Psychology at Wayne State University. They received extra credit in a psychology course for participating.
Participants were asked how many years of education they had completed. One participant in each age group failed to provide a response. For the 108 remaining participants, education level did not differ by age group (M ϭ 15.2, SD ϭ 2.6 and M ϭ 14.6, SD ϭ 1.9 for older and younger participants, respectively; t(106) ϭ 1.45, p ϭ .1493).
Materials. Forty common nouns (Appendix B) were selected from the Bradley and Lang (1999a) norms. An additional forty nouns were selected from a large dictionary and were made into pseudowords by changing a randomly determined phoneme. A male speaker unfamiliar with the purpose or hypotheses of the study recorded the stimuli, which were digitized at a sampling rate of 22.05 kHZ and stored in individual disc files. Valence and arousal values were taken from Bradley and Lang (1999a) .
Procedure. Availability of cognitive resources is central to several hypotheses. As noted above, I used Mather and Knight's (2005) , cognitive control construct to operationalize the availability of cognitive resources. Specifically, I used each participant's average age-group-specific z-score across three tasks:
The refresh task (Johnson, Reeder, Raye, & Mitchell, 2002 ) is a measure of how readily participants can bring recently presented information to mind. Participants performed 165 naming trials, repeating words into a microphone as each one was printed onscreen. On a random one-fifth of the trials a dot appeared instead of a word, and the participant had to recall the last word they read. The mean RT for these refresh trials was divided by the mean RT on normal trials to create a ratio that controls for the overall slower responding of the older participants. The modified sentence span task (Daneman & Carpenter, 1980 ) is a measure of working memory. Participants are required to retain in memory the final word of sentences that have recently been read, and to provide these words when cued. The number of sentences up to the cue is gradually increased until the participant fails two consecutive sets of sentences. The score is the total number of sentences read up until the stop rule, minus any failures along the way.
The executive component of the Attention Network Test is a measure of executive function developed by Fan, McCandliss, Sommer, Raz, and Posner (2002) . Participants are asked to categorize arrows on-screen as either pointing to the left or right, sometimes in the presence of conflicting information. After discarding incorrect trials, the mean RT for congruent trials is subtracted from the mean RT for incongruent trials. The online version of the test was used (Attention Network Task, 2002) .
The procedure for the lexical decision task was the same as in Experiment 1. Older adults participated at a time of their choosing. All older adults participated between 9:00 a.m. and 6:00 p.m., with the majority between 9:00 a.m. and 2:00 p.m. Younger adults participated at a time of their choosing between 9:00 a.m. and 5:00 p.m.
Analytic strategy. RTs were analyzed by the same method as in Experiment 1. To test whether older adults show larger effects of the affective variables than younger adults (Hypothesis 1), I assessed the interactions between age group and each dimension (i.e., age ϫ valence; age ϫ arousal). DIT's additional prediction that these larger effects should be especially prominent in older adults low on cognitive control was assessed by looking at threeway interactions (age ϫ control ϫ valence; age ϫ control ϫ arousal).
Narrowed affective space for older people was operationalized as older people showing a smaller valence ϫ arousal interaction than younger people (Hypothesis 2). The more specific prediction made by DIT is that the three-way interaction between age, valence, and arousal will be moderated by cognitive control. That is, older people with high cognitive control should have lexical representations as complex as younger people, so the predicted valence ϫ arousal interaction should be as large for these people as for younger adults. An age difference is predicted for people low on cognitive control, though. Here, older people are expected to show a narrowing of affective space, that is, a weaker interaction between valence and arousal.
Put another way, according to DIT, the age ϫ valence ϫ arousal interaction should be significant only for people low on cognitive control. For those high on cognitive control, the valence ϫ arousal interaction is predicted to be just as strong for older people as it is for younger people.
Results and Discussion
Younger adults had significantly better scores on two of the three components of the cognitive control measure. They had faster RTs in the Attention Network Test (p Ͻ .001) and significantly longer sentence spans (p ϭ .0186). There was no difference in the age groups' scores on the refresh task (p ϭ .1542) or in the composite cognitive control measure itself, t(108) ϭ 0.20, p ϭ .8445. Readers are reminded that this is a measure of the cognitive resources each participant has available. It is predicted to moderate several effects for older participants.
To improve the normality of the RT distribution for the main lexical decision data, three impossibly fast RTs and 10 RTs slower than 2,500 ms past stimulus offset were excluded from analysis (totaling Ͻ1% of the data; the same cut-off was used for both older and younger adults).
As noted above, all participants reported normal hearing. Nevertheless, poorer accuracies for older adults might indicate hearing loss, and such loss might interact with variables of interest (e.g., Wingfield et al., 2005) . Fortunately, mean accuracies were high and similar (M ϭ 94.5 and 92.7% for the older and younger participants, respectively; t(108) ϭ 1.40, p ϭ .1646). The results of the analysis are shown in Table 2 .
Main effects. There were significant main effects of word frequency (more frequent words had faster RTs), UP location (words with later UPs had slower RTs), and valence (words with higher valence [i.e., more positive ratings] had faster RTs). In addition, younger adults' RTs were 22% faster than older adults' RTs. Each of these effects is in the direction expected based on previous lexical processing research (UP location: Baayen et al., 2007; Wurm, 1997; valence: Vakoch & Wurm, 1997; Wurm et al., 2004b; word frequency: Vakoch & Wurm, 1997; age: Wurm et al., 2004a) .
The valence effect is a positivity effect, as words with more positive connotations had faster RTs. Older participants were substantially slower than younger participants. As in Experiment 1, this age difference was restricted to the RTs -older adults' accuracy was as good as that of younger adults.
Two-way interactions. Age group interacted with valence. Figure 3 shows this interaction, and although the slope difference is not visually impressive, it is reliable. The positivity effect was significantly larger for older adults than for younger adults (the older valence coefficient is 17% stronger than the younger one), supporting the general prediction of greater reliance on affect for older adults (Hypothesis 1). This finding is consistent with any theoretical account positing that older adults place increased reliance on affect, including both DIT and SST.
Inspection of Figure 3 shows that the age effect is larger for lower stimulus valences (i.e., for more negative stimuli). Differences in the log RT values translate to age differences of 211 and 139 ms for valence scores of 2 and 8, respectively. This is essentially the same thing observed in Experiment 1 (see the left panel Figure 3 . Log RT as a function of age group and valence. Valence ratings were taken from Bradley and Lang (1999a) .
of Figure 1 , and Footnote 2 on the near equivalence of evaluation and valence). Age group did not interact significantly with arousal. The coefficient was twice as strong for older adults, which is in the direction expected under Hypothesis 1, but the interaction did not approach significance.
Cognitive control did interact with arousal, as shown in Figure  4 . Dichotomizing cognitive control allows for visualization of the slope change, but cognitive control was not dichotomized for the analysis. For participants with lower cognitive control scores, RTs were slower for stimuli higher on arousal. This relationship weakened for participants with higher cognitive control scores.
Thus, the effect of arousal on RTs depended on cognitive control. Readers are reminded that the cognitive control measure is a composite of performance on three separate tasks and taken as a measure of available cognitive resources (Mather & Knight, 2005) . For participants with lower cognitive control scores, increasing arousal slowed responses. This relationship weakened for participants with higher cognitive control scores. Put another way, high arousal interfered with lexical processing for people with lower cognitive control scores, but the interference effect was attenuated by higher cognitive control scores. DIT predicts this pattern for older adults but makes no prediction either way for younger adults. They would have the cognitive resources needed to reduce the arousal effect, but there is no reason to suppose that this would be a goal of theirs (i.e., there is no reason to believe they find high arousal unpleasant).
The valence ϫ arousal interaction was significant and is shown in Figure 5 . As predicted, the strength of the valence effect decreased as arousal increased. This pattern maps nicely onto research from several studies. Bradley and Lang (1999b) asked people to make speeded judgments of the valence of pictures and found a RT pattern nearly identical to Figure 5 for judgments of stimuli related to people, animals, or objects. Purkis et al. (2009) asked participants to make speeded judgments of the valence and arousal of pictures and words. They found that judgments of positive stimuli were much faster than judgments of negative stimuli only if the stimuli were low on arousal. For high-arousal stimuli the relationship was reversed and weaker. Finally, Kensinger (2008) found a positivity effect in older adults' memory performance only for items low on arousal.
Three-way interactions. DIT allowed refinements to Hypothesis 1, such that older adults high on cognitive control should have valence and arousal main effects like those of younger adults, while older adults low on cognitive control should have valence and arousal main effects larger than those of younger adults. Neither of these predicted interactions (age ϫ cognitive control ϫ valence, and age ϫ cognitive control ϫ arousal) was significant.
The significant valence ϫ arousal ϫ age interaction is shown in Figure 6 . The valence ϫ arousal interaction was significantly weaker for older adults, providing support for the general version of DIT's narrowed affective space hypothesis (Hypothesis 2).
However, the more detailed version of Hypothesis 2 implies a four-way interaction. As will be seen in the next section, the three-way interaction shown in Figure 6 depended further on cognitive control scores, in the way DIT predicts.
The four-way interaction between valence, arousal, age, and cognitive control was significant. That is, the three-way interaction shown in Figure 6 depended significantly on cognitive control scores. To explore this interaction I divided the participants into those with low versus high cognitive control scores using a median split (recall that the cognitive control scores for older and younger participants did not differ), and re-ran the analysis.
Dichotomizing in this way is artificial and reduces statistical power to some extent, but it allows a very clear answer to the key question about the role of cognitive control. DIT predicts that older people with higher cognitive control should show a valence ϫ Figure 4 . Log RT as a function of cognitive control and arousal. Cognitive control was not dichotomized for the analysis. Arousal ratings were taken from Bradley and Lang (1999a) . Figure 5 . Log RT as a function of valence and arousal. Arousal was not dichotomized for the analysis. Valence and arousal ratings were taken from Bradley and Lang (1999a). arousal interaction just as strong as that seen in the younger adults, because they use their available cognitive resources to maintain more complex affective representations. Consistent with this prediction, the age ϫ valence ϫ arousal interaction was not significant for participants high on cognitive control (B ϭ 0.00, SE B ϭ 0.01, p ϭ .5435). Older participants high on cognitive control had a valence ϫ arousal interaction that was indistinguishable from that seen in the younger participants.
In contrast, older people with lower cognitive control should show a weaker valence ϫ arousal interaction than younger adults, because of a decreased ability to maintain complex representations. Indeed, the age ϫ valence ϫ arousal interaction was significant for these participants (B ϭ 0.01, SE B ϭ 0.01, p ϭ .0293). As can be seen in Figure 7 , older participants low on cognitive control had a valence ϫ arousal interaction that was significantly weaker than younger participants, indicating affective representations that are less complex. 4 This pattern of results indicates that the general age-dependent pattern seen in Figure 6 was driven by participants lower on cognitive control. For low-control participants, older adults had a smaller valence ϫ arousal interaction than younger adults ( Figure  7 ). In contrast, for high-control participants, there was no age difference in the size of the valence ϫ arousal interaction. This is consistent with DIT's view that older adults use cognitive resources to maintain more complex affective representations. It is only older adults with a lower availability of such cognitive resources who showed a narrowing of affective space.
Summary and Concluding Discussion
A broad range of cognitive processes has been examined in the affective aging literature (see Mather, 2006 , for a review), but this has not included the routine process of lexical access. Probing age-related differences in lexical access complements the larger literatures that exist on aging and memory, attention, and visual search, because spoken word recognition is a low-level automatic cognitive process that remains largely intact in the elderly (e.g., Wingfield & Stine-Morrow, 2000) .
Effects of affective variables in lexical processing have been demonstrated many times with college-age participants (e.g., Vakoch & Wurm, 1997; Wurm, 2007; Wurm & Seaman, 2008; Wurm & Vakoch, 1996 Wurm et al., 2003 Wurm et al., , 2004b Wurm et al., , 2004c Wurm et al., , 2007 , but only rarely with older adults (Wurm et al., 2004a) . As a result it has not previously been possible to explore some theoretically important age-related similarities and differences in processing. This is important not only because of the role language plays as the context for affect but also because of the fact that speech remains the primary means by which most older people interact with others.
Both experiments provided support for both major hypotheses of the current study. It was hypothesized that older adults would show larger effects of affective variables compared to younger adults. The positivity effect was indeed larger for older adults than for younger adults (Figure 1 , left, and Figure 3 ) and older adults showed a larger effect of activity than younger adults in Experiment 1 (Figure 1, right) . This is in line with data and theory suggesting that as people age, they increasingly rely on affect. This may be because affective information is more reliable or more automatically processed (e.g., Peters et al., 2007) , or it may be 4 A reviewer raised the possibility that cognitive control might act as a proxy for the real underlying variable of interest, education. That is, older people with more education might simply have more complex lexical networks, which would have nothing to do with affect per se. Additional analyses show that this potential explanation is not tenable. First, the four-way interaction between education, age group, valence, and arousal is not significant (p ϭ .47). Thus, cognitive control is not merely a proxy for years of education. Second, the four-way interaction shown in Table 2 remains significant even if education is added to the statistical model. Figure 6 . Log RT as a function of age group, valence, and arousal. Arousal was not dichotomized for the analysis. Valence and arousal ratings were taken from Bradley and Lang (1999a) . Figure 7 . Log RT as a function of age group, valence, and arousal, for participants below the median on cognitive control. Arousal was not dichotomized for the analysis. Valence and arousal ratings were taken from Bradley and Lang (1999a). because of the changing motivational goals of people as they age (e.g., Carstensen et al., 1999; Labouvie-Vief, 2003) . Whatever the reasons, older people's lexical access times are co-determined by (main effects of) affective variables to a greater degree than are younger people's. This conclusion holds both for the pure emotion words in Experiment 1 and the nonemotion words in Experiment 2.
The observation that younger adults, too, showed positivity effects runs counter to literature showing either no such effect for younger adults, or even a negativity effect (e.g., Kensinger, 2008; Mather & Knight, 2006) . It could be that routine processing of spoken words is sufficiently different from the other kinds of cognitive processes studied to produce this different outcome. The discrepancy might also be because of differences in the nature of the stimuli and how they are presented. Most researchers use visual presentation of pictures, but in our previous studies using auditory presentation of words, we have observed that more positive stimuli produce faster RTs for younger adults (Vakoch & Wurm, 1997; Wurm et al., 2004b) . It could also have to do with differences in how stimuli are chosen. In most research on affective processing, stimuli are chosen to be extreme on one or more affective dimensions. That is not generally true in our research. These possible explanations await additional research.
The second major hypothesis of the current study was that older adults would exhibit evidence of less complex (i.e., narrower) lexical representations. DIT notes that there is typically an agerelated reduction in the availability of cognitive resources, making older people generally less able to maintain complex affective representations (e.g., Labouvie-Vief, 2003) . In contrast, although SST does not make any direct predictions about lexical access, research from SST-associated investigators in related areas of cognition either predicts no such reduction in affective complexity (Ersner-Hershfield et al., 2008) , or that older adults should show increased affective complexity compared to younger adults (Charles, 2005) .
I used interaction effects between affective variables as an index of the complexity of the underlying representations, and the prediction of reduced complexity was supported in both experiments. Younger adults' lexical access times were co-determined by a complex interaction between evaluation, potency, and activity in Experiment 1. Older adults' lexical access times were not. Younger adults' lexical access times were co-determined by an interaction between valence and arousal in Experiment 2. Older adults' lexical access times were, too, but to a significantly lesser degree unless the older adults had a higher availability of cognitive resources.
Certain language acts (e.g., irony and many kinds of jokes) rely on intentionally mismatched information, and proper understanding requires maintenance of a multi-faceted representation. For example, to understand sarcasm a listener must maintain and integrate three kinds of information that are in varying degrees of conflict: the literal message that was spoken, the way in which it was spoken, and the overall situational context. Might the results of the current study mean that subtleties or nuances having to do with these complex representations are more likely to be missed by some older people? This question awaits future research.
What do other kinds of models have to say about these results? There is a speed view which posits that older participants recruit more cognitive resources to compensate for age-related reductions in processing speed (e.g., Salthouse, 1996; Schaie, 1994 ; see also Cabeza, 2002; Reuter-Lorenz & Cappell, 2008; Stern et al., 2003) . The data do not support this view. First, mean RT for older adults high on cognitive control (981 ms) was not better than that for older adults low on cognitive control (975 ms), indicating that the group with more cognitive resources did not deploy them to combat a speed deficiency. Second, it is difficult to guess what sorts of data patterns would have been shown by older adults, if they had not had to recruit additional cognitive resources. Finally, somewhat different processes or mechanisms would need to be invoked to adequately explain the range of effects in the current study with a speed-based explanation, making them seem very ad hoc.
Another alternative is the inhibition view (e.g., Hasher & Zacks, 1988; Zacks et al., 2000) , which posits that a decline in inhibitory control is responsible for age-related cognitive deficits. This account can easily accommodate the finding that older adults showed larger main effects of affective variables. The information carried by these dimensions is irrelevant for someone performing lexical decision (i.e., simply deciding if something is a real word in English), and so the fact that it intrudes more for older adults is consistent with this view. This account makes the wrong predictions, though, in the context of both four-way interactions. In Experiment 1, the irrelevant information represented by evaluation, potency, and activity only intruded (if we want to look at it as an intrusion) for younger participants (Figure 2 ). In Experiment 2 this account predicts that older adults with fewer cognitive resources should show an amplified valence ϫ arousal interaction compared to younger adults, and they showed a significantly weaker one (Figure 7) .
One potential limitation of the current study is its cross-sectional design. It is impossible to be sure that the age differences I have found reflect theoretically important age-related changes, or whether they reflect the different histories, experiences, and characteristics of the two age groups under study. As Salthouse (2004b) has noted, though, there are also valid criticisms of longitudinal designs, including the possibility of practice and learning effects, possible effects of theoretically unimportant societal changes, and so on. I echo his conclusion that it is probably best for the field to continue to pursue both kinds of approach, and because the particular issues under study have not previously been examined at all, the current study is a good starting point.
A second limitation of the current study is that the emotion ratings used, whether taken from Morgan and Heise (1988) or from Bradley and Lang (1999a) , were obtained from samples of younger adults. It is possible that these ratings are less appropriate for older adults than they are for younger adults. This is a problem shared by all aging studies using these common and well-validated ratings, and I have two reasons to believe that it is not a serious concern. First, in studies that compare older and younger stimulus ratings, the correlations are generally extremely high (e.g., Balota, Pilotti, & Cortese, 2001; Wurm et al., 2004a, Experiment 2) . Second, and more importantly, it is extremely difficult to see how the patterns observed could be explained by age-inappropriate ratings. One would need to explain how inappropriate ratings could produce larger main effects but smaller interactions for older people (unless the older people are high on cognitive control).
The current study sheds additional light on the mixed picture of aging in the literature. On the one hand is the intriguing difference in the age-related trajectories of cognition and affect. Aging is accompanied by well-documented and predictable cognitive declines, but it is also often accompanied by improvements in several areas of functioning related to affect and emotion regulation, and older adults in general are as happy as or happier than younger adults (e.g., McNeil, Stones, Kozma, & Andres, 1994; see Diener & Suh, 1997 , for a review of studies from several countries). On the other hand, the current study adds to the small literature underscoring just how tightly intertwined cognition and affect are (Wurm, 2007) . Duncan and Barrett (2007) argue that emotion is a kind of cognition and that no distinction should be made between them. Izard (2007) went so far as to say ". . . there is no such thing as an affectless mind" (p. 270). The current study makes the related suggestion that there is no such thing as affectless cognitive processing, even of nonemotion stimuli. This becomes increasingly important because of the age-related shift among older adults toward socio-emotional goals as motivators. Emotion-related goals affect the way older people seek information and what they do with it, even in situations related to health and survival (see Löckenhoff & Carstensen, 2004 , for a review). Overreliance on simple aspects of affect (possibly with an emphasis on the positive aspects of a stimulus or response option), combined with an under-reliance on the more complex interplay between positive and negative aspects, can easily lead to suboptimal decisionmaking that might have very serious consequences. The current study shows that this is a general concern, rather than one that only applies in explicitly affective contexts.
